progress to febrile neutropenia (FN; ≥38.3°C orally or ≥38.0°C duration over 1 hour), which is a major doselimiting toxicity of chemotherapy that often requires prolonged hospitalization and broad-spectrum antibiotic use. 1 Occurrences of severe neutropenia or FN can prompt dose reductions or treatment delays in subsequent chemotherapy cycles and compromise clinical outcome. A review by Dale 2 showed that approximately 25% to 40% of treatment-naive patients develop FN with common chemotherapy regimens. Development of FN increases diagnostic and treatment costs and often leads to longer hospital stays. In addition, correlations have been reported between changes in neutrophil counts and quality of life, as measured by physical functioning, vitality, and mental health. 3 The risk of FN is related to the treatment regimen and delivered dose intensity. However, a survey of the literature on randomized clinical trials of chemotherapy in patients with early-stage breast cancer and non-Hodgkin's lymphoma (NHL) has shown that the rates of myelosuppression and delivered dose intensity are underreported. 4 Due to individual patient risk factors, the rates of myelosuppression with the same or similar regimens varied greatly, making it difficult to determine the actual risk for neutropenic complications associated with common chemotherapy regimens. 4 Treatment dose intensity was reported with even less consistency, complicating interpretation of the reported rates of toxicity or treatment efficacy. Thus, differences in the reported rates of myelotoxicity may be attributed to intrinsic variation in the patient population as well as differences in the delivered dose intensities. be evaluated for prophylaxis with MGF as clinically indicated, unless precluded by trial specifi cations. c For use of growth factors in myelodysplastic syndromes (MDS), see the NCCN Guidelines for Myelodysplastic Syndromes*, and in acute myeloid leukemia (AML), see the NCCN Guidelines for Acute Myeloid Leukemia*. d There are many factors that need to be evaluated to determine a patient's risk categorization; these include type of chemotherapy regimen (See MGF-A) and patient risk factors (See MGF-2). e Febrile neutropenia is defi ned as single temperature: ≥38.3°C orally or ≥38.0°C over 1 h; neutropenia: <500 neutrophils/mcL or <1,000 neutrophils/mcL and a predicted decline to ≤500 neutrophils/mcL over the next 48 h. See NCCN Guidelines for Prevention and Treatment of CancerRelated Infections*. f See Toxicity Risks with Myeloid Growth Factors (MGF-E).
g G-CSF refers to the following approved agents: fi lgrastim, fi lgrastim-sndz, tbo-fi lgrastim, and pegfi lgrastim. See G-CSF for Prophylaxis of Febrile Neutropenia and Maintenance of Scheduled Dose Delivery (MGF-B). h There is category 1 evidence for G-CSF for a reduction of: risk of febrile neutropenia, hospitalization, and intravenous antibiotics during the course of therapy. There is category 2A evidence for G-CSF for a reduction in infection-related mortality during the course of treatment (see Discussion for details). i Other possible patient risk factors for febrile neutropenia may include poor performance status or HIV infection (in particular, patients with low CD4 counts).The listed patient risk factors are based on a multivariable risk model using a prospective cohort study of several thousand ambulatory cancer patients receiving chemotherapy. This cohort did not include patients with HIV, acute leukemia, or hematopoetic cell transplant. (Lyman GH, Abella E, Pettengell R. Risk factors for febrile neutropenia among patients with cancer receiving chemotherapy: A systematic review. Crit Rev Oncol Hematol 2014; 90:190-199 a Guidelines apply to chemotherapy regimens with or without monoclonal antibodies (eg, trastuzumab, rituximab). There is the potential for increased neutropenia risk with the addition of monoclonal antibodies. Rituximab has been associated with prolonged neutropenia with or without chemotherapy. For details on when monoclonal antibodies are recommended with the regimens listed above in clinical practice, see NCCN Guidelines for treatment by cancer site (available at NCCN.org). d If carboplatin dose is AUC >6 and/or patient is of Japanese ancestry. e A small retrospective trial had a 17% risk of febrile neutropenia in the neoadjuvant setting 62 and a randomized trial had a 5.4% risk in the metastatic setting (G-CSF was administered to 42.5% of patients who received FOLFIRINOX). 63 While G-CSF was not recommended as primary prophylaxis, it may be considered in patients with high-risk clinical features. f The published results for cabazitaxel have an 8% rate of febrile neutropenia but neutropenic deaths were reported. Primary prophylaxis with G-CSF should be considered in patients with high-risk clinical features. • Cisplatin/vinorelbine 53 • Cisplatin/docetaxel 52, 54 • Cisplatin/etoposide 55 • Carboplatin/paclitaxel a,d, 56 • Docetaxel 54 Myeloid Growth Factors, Version 2.2017 
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NCCN Clinical Practice Guidelines in Oncology
MGF-B a Tbo-fi lgrastim is a human G-CSF approved by the FDA through an original biologic license application. All of these G-CSF are indicated for reducing the duration of severe neutropenia in patients with nonmyeloid malignancies receiving myelosuppressive chemotherapy associated with a clinically signifi cant incidence of febrile neutropenia. b Filgrastim-sndz is the fi rst biosimilar to be approved by the FDA. See Discussion for more details. One dose of 6 mg per cycle of treatment. ◊ Based on clinical trial data, pegfi lgrastim should be administered the day after chemotherapy (category 1). ◊ For patients who cannot return to the clinic for next-day administration, alternative options exist. d ◊ Administration of pegfi lgrastim up to 3-4 days after chemotherapy is also reasonable based on trials with fi lgrastim.
There is evidence to support use for chemotherapy regimens given every 3 weeks (category 1).
There are phase II studies that demonstrate effi cacy for chemotherapy regimens given every 2 weeks. There are insuffi cient data to support use for cytotoxic chemotherapy regimens administered every week; therefore, pegfi lgrastim should not be used.
• Prophylactic use of G-CSF in patients given concurrent chemotherapy and radiation is not recommended.
• Subcutaneous route is preferred for all G-CSF listed above.
• Studies have demonstrated that prophylactic use of MGFs can reduce the risk, severity, and duration of FN, but the cost has prevented its routine use in all patients receiving myelosuppressive chemotherapy. Selective use of MGFs in patients at increased risk for neutropenic complications may enhance the cost-effectiveness. These NCCN Guidelines focus on the 2 MGFs that have shown the most promise in terms of clinical use: granulocyte colony-stimulating factor (G-CSF) and granulocyte-macrophage colony-stimulating factor (GM-CSF). For simplicity, the term "MGF" will be used when the data are supported by studies for both G-CSF and GM-CSF.
Filgrastim, filgrastim-sndz, tbo-filgrastim, and pegfilgrastim are G-CSFs currently approved by the FDA for the prevention of chemotherapy-induced neutropenia. Both tbo-filgrastim and pegfilgrastim are restricted in their FDA approval for use in patients with nonmyeloid malignancies receiving myelosuppressive anticancer drugs. Tbo-filgrastim was approved by the FDA in an original biologic license application in August 2012, 5, 6 and therefore has a more restricted indication. 7 Filgrastim-sndz was approved as a biosimilar, allowing it to gain approval for the broader indications of the originator product filgrastim. A biosimilar is a biological product that is highly similar to the FDA-approved reference product with the exception of minor differences in clinically inactive components, and no differences regarding efficacy, safety, and purity between the biosimilar and the reference product. Additional indications for filgrastim and filgrastim-sndz include treatment for patients with acute myeloid leukemia (AML) receiving induction or consolidation chemotherapy, patients with cancer receiving bone marrow transplant, patients undergoing peripheral blood progenitor cell (PBPC) collection and therapy, and patients with severe chronic neutropenia. Filgrastim is also approved by the FDA for the treatment of patients acutely exposed to myelosuppressive doses of radiation. 8 Although the European guidelines also include lenograstim as a recommended G-CSF in solid tumors and nonmyeloid malignancies, 9 it is not approved for use in the United States and is therefore not addressed in the NCCN Guidelines.
The only GM-CSF that is FDA-approved is sargramostim, although some clinical trials have used the GM-CSF molgramostim. Molgramostim is not recommended by the NCCN Panel due to the increased adverse events compared with sargramostim 10 and the lack of FDA approval. Sargramostim is limited to use following induction therapy for AML and in various hematopoietic cell transplantation settings. It should be noted that there is a lack of head-to-head comparative studies on the clinical benefits of G-CSFs versus GM-CSFs.
These NCCN Guidelines focus on the use of MGFs in the cancer setting, primarily addressing the use of MGFs in adult patients with solid tumors and nonmyeloid malignancies. The NCCN Panel convenes annually to update their recommendations for the use of MGFs, which are based on a review of recently published clinical trials that have led to significant improvements in treatment or have yielded new information regarding biologic factors that may have prognostic importance. This portion of the NCCN Guidelines discusses recommendations outlined for the evaluation of regimen-and patient-specific risk factors for the development of FN, the prophylactic use of MGFs for the prevention of chemotherapy-induced FN, and assessing the risks and benefits of MGF use in clinical practice. For the complete version of these Guidelines, visit NCCN.org.
Evaluating Regimen-and PatientSpecific Risk Factors for Developing FN Risk Assessment
The risk for chemotherapy-induced FN should be evaluated before the first cycle of chemotherapy. Risk assessment includes disease type, chemotherapy regimen, patient risk factors, and treatment intent. Based on the chemotherapy regimen and patient-related risk factors, the patient is assigned to either an overall high-risk group (>20% risk of FN), intermediaterisk group (10%-20% risk), or low-risk group. The NCCN Panel recommends that independent clinical judgment be exercised in the assessment of a patient's FN risk. The panel also recommends that patients receiving cytotoxic chemotherapy as part of a clinical trial be evaluated for prophylactic use of MGFs based on both regimen-specific and patient-specific risk factors, unless precluded by trial specifications.
Chemotherapy Regimens and Risk for FN
FN is a common dose-limiting toxicity of many single-agent and combination chemotherapy regimens that is directly related to the intensity of the regi-men. Clinical trial data of chemotherapy regimens that have an FN incidence >20% in chemotherapynaive patients are considered by the NCCN Panel as high risk. It should be noted that the addition of monoclonal antibodies to chemotherapy regimens has the potential to increase FN risk. Of particular concern is rituximab, an anti-CD20 monoclonal antibody used in the treatment of CD20+ hematologic malignancies, which is known to have an independent potential to cause severe neutropenia. It has been associated with prolonged, delayed-onset neutropenia both with or without chemotherapy. 11 It is emphasized that the type of chemotherapy regimen is only one component of the risk assessment and needs to be combined with patient risk factors for an estimation of the overall FN risk.
The algorithm lists common chemotherapy regimens associated with a high risk or intermediate risk of developing FN based on published data. These lists are not comprehensive and are meant to serve as examples only, as the exact risk will depend on the agent, dose, and treatment setting.
Patient Risk Factors for Developing FN
Patient risk factors are an important consideration in estimating the overall risk of FN, particularly when chemotherapy regimens are considered an intermediate risk. 12 Patient factors may elevate the overall risk to a high-risk category, wherein prophylactic MGFs are more routinely recommended. For example, many regimens for breast and lung cancer are associated with an intermediate risk of neutropenic complications, and it is important to identify which patients would be considered high risk. Even a lowrisk regimen does not necessarily preclude the use of MGFs in a patient with high-risk factors.
The most important risk factor for developing severe neutropenia is higher age, notably >65 years, in patients who receive full chemotherapy dose intensity. [13] [14] [15] [16] [17] [18] Other risk factors include prior chemotherapy or radiotherapy, preexisting neutropenia or tumor involvement in the bone marrow, poor performance status, comorbidities including renal or liver dysfunction, HIV infection, and preexisting conditions such as neutropenia and infection. Most of these have been confirmed as independent risk factors for neutropenic complications in a risk model developed by Lyman et al 19 that was validated in a study population of 3,760 patients with cancer beginning chemotherapy treatment.
High FN Risk
The NCCN Guidelines recommend prophylactic use of MGFs if the risk of FN is >20%. The most recent update of the ASCO guidelines and the EORTC both adopted the 20% threshold for considering routine prophylactic treatment. 20, 21 These consistent recommendations are based on the results of several large randomized trials that have documented a significant reduction of FN following primary prophylaxis when the risk of FN without prophylaxis is 20%. For example, Vogel et al 22 reported on the results of a double-blind, randomized, placebocontrolled, multicenter study to demonstrate whether first-and subsequent-cycle prophylactic MGF support with pegfilgrastim would significantly reduce FN in a regimen that had previously been associated with an expected FN incidence of 20%. This is the largest randomized study of prophylactic growth factor support that has been performed. In this double-blind study designed with FN as the primary end point, women with breast cancer receiving docetaxel at 100 mg/m 2 every 3 weeks were randomized to either placebo injection (n=465) or pegfilgrastim (n=463), each administered 24 hours after chemotherapy. The placebo group had a 17% overall incidence of FN, whereas the pegfilgrastim group had a 1% incidence. In the pegfilgrastim group, the incidence of hospitalization was 1% versus 14% for the placebo group, and the use of intravenous anti-infectives was reduced from 2% versus 10%, with all of these differences being statistically significant (P<.001). In cycle 1, there was an 11% rate of FN for the placebo group versus <1% in the pegfilgrastim group. For cycles 2 through 4, the placebo group had a 6% rate of FN with a rate of <1% in the pegfilgrastim group.
A second trial reported the results for 175 patients with small cell lung cancer who were randomized to receive prophylactic antibiotics with or without prophylactic G-CSF. 23 In cycle 1, 20 patients (24%) in the antibiotics-only group developed FN compared with 9 patients (10%) in the antibiotics plus G-CSF group (P=.01). In cycles 2 to 5, the incidences of FN were similar in both groups (17% vs 11%). The authors concluded that primary FN prophylaxis added to primary antibiotic prophylaxis was effective in reducing FN and infections in patients with small cell lung cancer when given with the first cycle of chemotherapy. Furthermore, this strategy could be considered for other patients with cancer who have a high risk of FN.
The NCCN, ASCO, and EORTC guidelines all recognize a variety of special circumstances in which patients treated with relatively nonmyelosuppressive chemotherapy regimens are at high risk for FN due to bone marrow compromise or comorbidity. Prophylactic MGF is recommended for any patient considered at high risk, regardless of the treatment intent.
Intermediate FN Risk
The NCCN Panel defines intermediate risk as a 10% to 20% probability of developing FN or a neutropenic event that would compromise treatment. The panel recommends individualized consideration of MGFs based on physician-patient discussion of the risk/benefit ratio with respect to the likelihood of developing FN, the potential consequences of a neutropenic event, and the implications of reduced chemotherapy dose delivery. When the intent of chemotherapy is to prolong survival or for symptom management, the use of MGF is a difficult decision and requires careful discussion between physician and patient. If the increased risk for FN is a result of patient risk factors, MGF is reasonable; however, if the risk is due to the chemotherapy regimen, other alternatives such as the use of less myelosuppressive chemotherapy or dose reduction, if of comparable benefit, should be explored.
Low FN Risk
For low-risk patients, as defined by risk less than 10%, routine use of MGF is not recommended as alternative treatment options are appropriate and more cost-effective. 20, [24] [25] [26] However, MGF may be considered if the patient is receiving curative or adjuvant treatment and is at a significant risk for serious medical consequences of FN, including death.
Risk Evaluation for Subsequent Chemotherapy Cycles
After the first cycle of chemotherapy, patient evaluation should be performed before each subsequent cycle to determine the risk categorization and treatment intent. If the patient experienced a previous episode of FN or a dose-limiting neutropenic event (a nadir or a day-of-treatment count impacting the planned dose of chemotherapy) during the previous treatment cycle, with the same dose and schedule planned for the current cycle, this patient moves to the high-risk group.
If the patient experiences such an episode despite receiving MGF, the panel recommends a chemotherapy dose reduction or change in treatment regimen unless there is an impact on patient survival. If the patient does not develop FN or a dose-limiting neutropenic event and is thought to be benefiting from chemotherapy, the previous assessment should be repeated after each subsequent cycle.
Prophylactic Use of MGFs
Filgrastim, filgrastim-sndz, tbo-filgrastim, pegfilgrastim, and sargramostim are FDA-approved options for the prophylactic treatment of FN. Although data from randomized studies support the use of filgrastim, filgrastim-sndz, tbo-filgrastim, and pegfilgrastim in patients with solid malignancies, randomized studies of sargramostim have focused on its use after induction therapy for AML and in various hematopoietic cell transplantation settings. The subcutaneous administration of filgrastim, filgrastim-sndz, tbo-filgrastim, or pegfilgrastim is a category 1 recommendation for the prophylactic treatment of FN. Sargramostim is no longer recommended in this setting. The NCCN Panel does not routinely recommend prophylactic antibiotics for standard-dose chemotherapy. In addition, prophylactic use of MGF in patients given concurrent chemotherapy and radiation has not been evaluated and is therefore not recommended.
Filgrastim, Tbo-filgrastim, and Filgrastim-sndz
Initial doses of filgrastim are initiated the next day or up to 3 to 4 days after completion of chemotherapy in a daily dose of 5 mcg/kg until postnadir ANC recovers to normal or near-normal levels by laboratory standards. The dose may be rounded to the nearest vial size by institution-defined weight limits. The NCCN Panel recommends treatment of patients through postnadir recovery because studies have shown that shorter durations of G-CSF treatment are less efficacious. 27 
Pegfilgrastim
Clinical trials both in support of and against sameday pegfilgrastim have been published. The origi-nal rationale for not giving same-day MGF was the potential for increased neutropenia resulting from MGF stimulation of myeloid progenitors at the time of cytotoxic chemotherapy. [28] [29] [30] In a direct comparison, Kaufman et al 31 administered either same-day or next-day pegfilgrastim in women with breast cancer receiving docetaxel, doxorubicin, and cyclophosphamide. FN was observed in 33% of patients treated in the same-day group compared with only 11% of patients treated in the next-day group. 31 A similar trend was seen in a prospective randomized doubleblind trial of patients receiving CHOP (cyclophosphamide, doxorubicin, vincristine, prednisone) or CHOP-like therapy for NHL wherein same-day pegfilgrastim was associated with enhanced myelosuppression and no reduction in leukopenia was seen. 32 However, despite longer duration of grade 4 neutropenia in the same-day group, there was no increase in the overall incidence of neutropenia, and the increased duration did not meet the noninferiority margin. However, the study recommends administration of pegfilgrastim 24 hours after chemotherapy.
In a retrospective review of same-day pegfilgrastim in patients with breast cancer receiving dosedense doxorubicin, Vance and Carpenter 33 observed no increased neutropenia. Another retrospective study from a community-based oncology practice showed similar incidence of myelosuppressive adverse events when comparing the 2 groups. 34 This study of 159 patients spanned 15 different tumor types and 50 different chemotherapy regimens. 34 A double-blind phase II study in patients with nonsmall cell lung cancer treated with carboplatin and docetaxel showed no increase of neutropenia nor any adverse events in patients receiving same-day pegfilgrastim compared with those receiving nextday pegfilgrastim treatment. 35 The benefit of sameday pegfilgrastim was also observed in patients with non-small cell lung cancer treated with weekly chemotherapy regimens. Same-day pegfilgrastim in these patients was shown to be beneficial from not only a safety perspective but also a logistical one, wherein next-day pegfilgrastim would have compromised the weekly chemotherapy schedule. 36 Another study in patients with lung cancer showed an unexpected low rate of severe neutropenia (only 2 patients per group), suggesting that same-day filgrastim is a reasonable option. 35 Other retrospective studies in patients with gynecologic malignancies have also demonstrated the safety and efficacy of pegfilgrastim administered within 24 hours of chemotherapy. 37, 38 Because pegfilgrastim is longer-acting than filgrastim, a single injection of 6 mg is sufficient per chemotherapy cycle (category 1 recommendation). Because most clinical studies administer the agent the day after chemotherapy completion, next-day administration is preferred. 39 Based on trials of filgrastim, panelists agreed that giving pegfilgrastim up to 3 to 4 days after chemotherapy is also reasonable. In addition, panelists recognized that some institutions have administered "same-day" pegfilgrastim, defined as administration of pegfilgrastim on the same day patients receive chemotherapy, for logistical reasons and to minimize burdens on long-distance patients. 40 However, the recent FDA-approved delivery device that can be applied the same day as chemotherapy and set to deliver the full dose of pegfilgrastim the following day is an alternative to same-day administration for patients who cannot return to the clinic for next-day administration of pegfilgrastim. 41 The NCCN Panel also set criteria for the use of pegfilgrastim in chemotherapy regimens of different cycle length. Based on phase III clinical trials, 22, 42 use of pegfilgrastim after chemotherapy given every 3 weeks is a category 1 recommendation. Pegfilgrastim treatment is a category 2A recommendation for chemotherapy regimens administered every 14 days based on phase II studies. [43] [44] [45] [46] [47] [48] Data are insufficient to support the dose and schedule for weekly regimens; therefore, pegfilgrastim should not be used.
Risks and Benefits of MGF Use
MGFs are incorporated into chemotherapy regimens to prevent the development of FN and improve the care of patients. Studies have shown that the prophylactic use of MGFs reduced the incidence, length, and severity of chemotherapy-related neutropenia in small cell lung cancer, breast cancer, sarcoma, solid tumors, non-small cell lung cancer, and NHL. 22, 23, [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] Additionally, the benefit of GM-CSF therapy was seen in the treatment of myeloid malignancies. 64 MGFs improved the delivery of full dose-intensity chemotherapy on schedule, although this has not been shown to lead to better response or higher overall survival in most studies. [49] [50] [51] [54] [55] [56] [57] 61, 65, 66 However, in node-positive breast cancer 61, 67 and aggressive lymphoma, 63 ,68,69 dose-dense regimens sup-ported by MGFs improved disease-free and/or overall survival compared with conventional chemotherapy. Meta-analyses confirmed the efficacy of prophylactic MGFs in decreasing rates of infection and risk of neutropenia. [70] [71] [72] [73] The meta-analysis from Clark et al 72 included 13 studies, of which 6 involved treatment of patients with G-CSF, 6 involved treatment of patients with GM-CSF, and one 3-arm study included G-CSF, GM-CSF, or a placebo in the treatment. In total, 1,518 patients were evaluated for overall mortality, infection-related mortality, length of hospitalization, and time to neutrophil recovery. Although overall mortality did not appear to reach statistical significance (odds ratio With an average followup of 5 years, G-CSF was associated with a 3.40% reduction in absolute risk and a RR of 0.90 for allcause mortality, although an increased risk for AML and myelodysplastic syndromes (MDS) was observed (see later discussion). The degree of benefit correlated with the chemotherapy dose intensity.
Several randomized trials have also demonstrated improved outcomes with the prophylactic use of tbo-filgrastim for the prevention of FN. One trial randomized 348 patients with breast cancer receiving docetaxel/doxorubicin therapy to either tbo-filgrastim, filgrastim, or placebo. 76 Tbo-filgrastim was equivalent to filgrastim and superior to placebo in reducing the duration of severe neutropenia and incidence of FN. Two other randomized studies of patients with lung cancer and NHL receiving chemotherapy also reported similar efficacy of tbo-filgrastim and filgrastim, 77, 78 and toxicities were also similar. A meta-analysis of the 3 trials concluded tbo-filgrastim to be noninferior to filgrastim for the reduced incidence of FN, irrespective of the myelotoxicity of the chemotherapy regimen. 79 Studies in healthy subjects demonstrated similar pharmacokinetic and pharmacodynamic profiles. 80, 81 MGFs also have associated toxicity risks that have been reported in various studies. Similar toxicities to filgrastim are expected for pegfilgrastim and filgrastim biosimilars, although not all toxicities have been reported with each preparation. To date, the main consistently observed toxicity associated with G-CSF therapy is mild to moderate bone pain in 10% to 30% of patients. [82] [83] [84] [85] [86] [87] [88] This is usually effectively controlled by non-narcotic analgesics. 82, 83 The meta-analysis by Kuderer et al 89 confirmed a heightened risk of musculoskeletal pain associated with MGFs (RR, 4.03; 95% CI, 2.15-7.52; P<.001). 74 There have also been reports of rare cases of splenic rupture with G-CSF use, some of which were fatal. [90] [91] [92] [93] [94] [95] These cases occurred in patients with underlying hematopoietic disorders, patients with solid tumors, and healthy donors of PBPC. The exact mechanism of G-CSF-induced splenic rupture is unknown, but is thought to involve intrasplenic accumulation of circulating granulocytes and myeloid precursors. 92 Although G-CSF-induced splenic rupture is rare, it is potentially life-threatening. Therefore, physicians should monitor patients closely for signs of splenic rupture, including abdominal pain (especially in the upper left quadrant), nausea, vomiting, and progressively worsening anemia, in order to prevent a fatal outcome. Prospective studies on health status, baseline spleen size, and CBC count may be required to identify risk factors for rupture in individual patients. 94 Additionally, some patients develop allergic reactions involving the skin, respiratory system, or cardiovascular system (filgrastim only). Other warnings from the prescribing information include acute respiratory distress syndrome, alveolar hemorrhage, and hemoptysis. 82, 83, 96 Sickle cell crisis, sometimes fatal, has been reported in patients with sickle cell disease, but not those with sickle cell trait. [97] [98] [99] Worsening of amyloidosis after G-CSF administration has been reported; however, this is based on 2 case reports in patients who were already prone to life-threatening complications. 100, 101 Pulmonary toxicity has been reported following the use of G-CSFs for patients with Hodgkin lymphoma undergoing bleomycin-containing chemotherapy, especially ABVD (doxorubicin, bleomycin, vinblastine, and dacarbazine). An increased risk of bleomycin pulmonary toxicity has been reported with G-CSF use for this disease in a retrospective study of 141 patients. 102 In a systematic review of case reports by Azoulay et al, 103 70 cases of G-CSFrelated pulmonary toxicity were identified in patients with cancer and neutropenia. Thirty-six patients had received bleomycin, but most with NHL had also received drugs known to induce pulmonary toxicity (cyclophosphamide and/or methotrexate). The toxicity potential for patients after BEACOPP (bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone) is more unclear, although bleomycin is given every 3 weeks in this regimen as opposed to every 2 weeks in ABVD. Conversely, an increase in bleomycininduced pulmonary toxicity has not been reported with G-CSF use in bleomycin-containing chemotherapy regimens for testicular cancer. 66 Due to the controversy regarding G-CSF use during bleomycincontaining chemotherapy, clinicians should be highly alert to signs and symptoms of pulmonary toxicity. The routine use of G-CSF is not recommended in conjunction with the most common chemotherapy regimens for classical Hodgkin lymphoma (ie, ABVD and Stanford V). Furthermore, 2 studies have shown that ABVD can be safely administered at full dose without G-CSF support. 104, 105 However, due to the high incidence of toxicity and treatment delays, G-CSF support is recommended for patients with Hodgkin lymphoma treated with the escalated BEA-COPP regimen.
Adverse events have also been reported with GM-CSF. An early study of patients with advanced malignancy evaluated side effects after administration of GM-CSF. Adverse reactions were seen in 65% of these patients, although they were not severe and were reversible. These reactions included mild myalgias, facial flushing, low-grade fever, headache, bone discomfort, nausea, and dyspnea. 106 A side-effect profile of GM-CSF, completed several years later, reported a lower rate of 20% to 30% of patients experiencing mild-to-moderate adverse events, and attributed this decline to improved dosing and delivery. 107 Although uncommon, severe side effects have been reported for GM-CSF; <1% of patients will develop blood clots. [108] [109] [110] Although blood clots rarely lead to pulmonary embolism or stroke, these lifethreating conditions are possible. There have also been reports in clinical trials of capillary leak syndrome, [111] [112] [113] a condition in which fluids move from the vascular system into the interstitial space, resulting in hypotension and reduced blood flow to internal organs. 108 Although this more commonly occurs with GM-CSF, it has also been reported with G-CSF therapy. 114, 115 Although there have been suggestions of a potentially increased risk for AML/MDS with MGF administration from epidemiologic studies, this was not observed in individual randomized trials. 90, [116] [117] [118] The meta-analysis by Lyman et al 75 reported an increase in absolute risk of 0.41% and an RR of 1.92 for the development of AML/MDS related to G-CSF. It is not possible from this meta-analysis to determine whether the risk for AML/MDS is secondary to G-CSF or related to the higher total doses of chemotherapy. As discussed earlier, overall mortality was nevertheless decreased. These data mirror an earlier report based on the SEER database that showed an elevated risk for development of AML/MDS in patients receiving either G-CSF or GM-CSF therapy. 118 One caveat of the study was that it could not exclude the possibility that the increase was due to the use of growth factors in cases that were more likely to progress into AML/ MDS, regardless of the presence or absence of adjuvant therapy.
The recommendations in these NCCN Guidelines are based on therapeutic efficacy and clinical benefit of treatment. However, in addition to evaluating the clinical benefits and risks of MGF therapy, an increasing number of studies have assessed the financial implications of its use. During the past decade, the costs of inpatient hospitalization have escalated, changing the risk threshold on a pure cost basis from 40% to approximately 20%. 25 Economic analyses of MGFs have yielded mixed results, depending on the context of use. [119] [120] [121] [122] [123] Although the addition of MGFs to treatment regimens inevitably increases the drug cost, it may actually equate to substantial savings compared with the cost of hospitalization and subsequent treatment of neutropenia.
Summary
MGFs can be used in the supportive care of patients receiving myelosuppressive chemotherapy to prevent severe complications, such as FN and associated infections, and improve overall quality of life. Prophylactic use of MGFs has been shown to reduce the risk, severity, and duration of chemotherapy-related FN in a variety of cancers. The risk of developing FN is related to the treatment regimen and delivered dose intensity as well as individual patient risk factors, such as increased age (>65 years), comorbidities including renal or liver dysfunction, and preexisting infections. Because development of FN can prompt dose reductions or treatment delays, use of MGFs can help ensure the delivery of full dose-intensity chemotherapy on schedule, resulting in improved clinical outcome. However, associated costs have prevented their routine use in all patients receiving myelosuppressive chemotherapy. In addition to the clinical benefits of their prophylactic use, MGFs also have associated toxicities, including bone pain, splenic rupture, allergic reactions, and pulmonary complications. Therefore, selective use of MGFs in patients at increased risk for neutropenic complications may enhance both the safety and cost-effectiveness of these agents.
